EXECUTIVE SUMMARY
Southeastern Montana, including Powder River County, has some of the most extensive range landscapes in the state. A long history of ranching as the predominant land use and effective land stewardship have maintained or restored extensive areas that support good quality rangelands with healthy, diverse populations of native wildlife and high ecological integrity. However, the biological character and richness of this region has not been well documented. The goal of this project was to survey Bureau of Land Management (BLM) lands in Powder River County for plant species of concern and document the natural vegetation on these lands, including communities of limited range and outstanding examples of more widespread community types.
Our survey work emphasized major blocks of land administered by the BLM, but also included other public lands near or continuous with BLM blocks. We visited most BLM tracts of at least five contiguous sections, as well as select scattered tracts, and adjacent private lands with landowner permission. We occasionally also surveyed on nearby state lands that were part ofBLM allotments.
Surveys were conducted in the summers of 1999 and 2000. To document vegetation communities, we sampled a broad range of habitat types throughout the geographic breadth of BLM-administered lands in the county. Surveys ranged from the most rugged topography to flat lands and from the most heavily wooded to the least vegetated. We focused more detailed data collection on excellent representative areas of common vegetation types, those types of limited distribution and/or potential statewide or rangewide significance, and types not previously known or documented to occur in southeastern Montana. In surveying plant species of concern, we particularly emphasized species of global or range-wide significance.
All new data on plant species of concern and vegetation communities were geo-referenced, digitized and entered into the Montana Natural Heritage Program (MTNHP) data system, making them readily available to the BLM, as well as other landowners, resource managers and decision-makers, both public and private.
The results of these surveys doubled (from 5 to 10) the number of Montana plant species ofconcern documented in the County. Based on the number of new populations discovered, one species has been dropped from the Montana Species of Concern list, another is recommended for possible downgrading, and we recommend that four species be considered for removal from BLM "Watch" status.
We also documented a total of 46 native vegetation types in Powder River County. Several of these are particularly well-represented or of significance on BLM lands, either because of their extent and good condition and/or because they represent types that are uncommon or range-limited. In addition to collecting data from vegetation plots to better document and understand these communities, we also identified six notable areas where one or more were particularly well-represented in good or excellent condition, within ecologically intact landscapes.
While this study added a great deal to knowledge of the vegetation and ecology of Powder River County, it is far from comprehensive. We would recommend that inventory work be expanded to include fauna as well as flora, and to encompass lands under other ownerships to gain a more complete and accurate frame ofreference for understanding the biological resources and ecology of this remarkably healthy and intact native landscape. 
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INTRODUCTION
Southeastern Montana, including Powder River County, has some of the most extensive range landscapes in the state. A long history of ranching as the predominant land use and effective land stewardship have maintained or restored extensive areas that support good quality rangelands with healthy, diverse populations of native wildlife and high ecological integrity.
However, the biological character and richness of this region has not been well documented. Recent studies focusing on the Tongue River drainage in southeastem Rosebud County (Heidel 1997) and Carter County (Vanderhorst et al. 1998) Photo by Bonnie Heidel have provided a great deal of new information on the vegetation and rare flora, but neither extended to Powder River County. This study was undertaken as a first step in documenting the county's biological resources and ecology, in the context of southeastern Montana and the surrounding region.
Our goal was to survey BLM lands in Powder River County for plant species of concern and document the natural vegetation on these lands, including communities of limited range and outstanding examples of more widespread community types. Survey work emphasized major blocks of land administered by the Bureau of Land Management (BLM), but also included other public lands near or continuous with BLM blocks.
"Species of concern" are those identified by the Montana Natural Heritage Program (Heidel, 2001 ) as vulnerable to extirpation across their range or in Montana because of rarity, significant loss of habitat, and/or sensitivity to habitat disturbances. Most of these are also designated as BLM Special Status Species. We placed particular emphasis on species that are of global or rangewide concern (Heritage ranks G 1 -G3; see Appendix A for rank definitions). In the course of survey work, we also documented locations for "species of potential concern" (formerly called "watch" species) -primarily species of uncertain status or regional endemics that are thought to be secure within their limited range.
Our specific objectives were to:
• Clarify the distribution and status of plant species and vegetation community types relative to BLM lands; • Identify particularly significant populations, habitats and areas of natural vegetation on public lands in Powder River County; • Highlight management opportunities for maintaining species of concern and significant vegetation communities; • Consolidate new and previous information as a reference for the Bureau of Land Management and others. Figure I ), spanning elevations from 2,768 feet in the county's northwest corner to 4,305 feet in the southwest corner (Parker et al. 197 I) .
STUDY

Figure I. Topography of Powder River County
Powder River County was part of Custer County until 1919. The county seat, Broadus, lies at the junction of the county's two main highways, M-59 and US-212. Lands in the county were settled for ranching, and beef production reached its peak between 1880 -1920 when open range prevailed (Parker et al. 197 1 ) . Cattle ranching remains the first and foremost industry the county today.
Like other counties in this area, the prevailing land cover is rangeland, however it includes a relatively high woodland component. In l 976, land cover in Powder River County was 84% rangeland, 10% woodland, and 5% cropland (Ross and Hunter 1976) .
The highest ridge systems and the most extensive pine woodlands lie within the Ashland District of Custer National Forest at the western end of the County, though there are pine-covered escarpments and knolls in the southeastern comer and widely scattered throughout the County. Lands administered by the BLM are concentrated on, but not limited to, rough terrain along the Powder and Little Powder Rivers (Figure 2 ), and are intermingled with private and state lands.
CLIMATE
The area's climate is continental and typical of the high plains, with cold winters, warm summers, and peak rainfall early in the growing season. Average annual precipitation at Broadus is 13.4 inches while across the county averages range from 11-19 inches. The average of mean monthly temperatures is 7.3° Celsius (45. 1 ° Fahrenheit), with summer temperatures usually cooler than in the Yellowstone River valley to the north (Parker et al. 197 l ) . Precipitation is typically concentrated in May and June, and maximum mean monthly temperatures occur later in July, resulting in a late summer water deficit (Figure 3 ). Compiled climate data invariably mask the high degree of variation in climate from year-to-year, monthto-month, and the great variations that occur even in the span of weeks, days and hours. 
GEOLOGY AND SOILS
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The sweeping, unglaciated landscape of Powder River County is carved by erosion largely from the Fort Union Formation, a heterogeneous Paleocene sedimentary deposit made up of sandstone, shale, bentonite, lignite and other materials. It is dissected by Quaternary alluvial deposits along major rivers and tributaries. The county lies entirely within the unglaciated segment of the Great P lains biogeograpbic province, and largely within the Powder River Basin section. Along the eastern side of the county, the Fort Union formation gives way to shales and claystones of the Pierre Shale Plains section.
Soils throughout the county are entisols and aridisols (Torriortbents and Cambortbids) of dissected to nearly level sedimentary bedrock plains and hills. In addition, Ustorthents and Argiborolls occur in the pinelands, and Torrifluvents, Torriortbents and Camborthids in the broadest river valleys (Montagne et al. 1982) . It is easiest to visualize the terrain and associated soils through schematic diagrams. The rela- ...
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C. ... Parker et al. ( 1971 ) . These were the primary associations in BLM lands that we surveyed, and are listed below in descending order of their prevalence on those lands. Figure 4 . Elso-Midway-Thurlow association setting Dissected plains along the Powder and Little Powder Rivers are mainly calcareous silt loams and silty clay loams of the Elso-MidwayThurlow association (Figure 4 ). Deep-soil conditions are more extensive within the gentler 8-35% range of slopes, compared to the 35-75% range of slopes. This association comprises a disproportionately hjgh share ofBLM lands, about 28% of the county according to Parker et al. ( 197 1 ) . Silty ecological sites of the Elso series prevail in the dissected uplands, whereas the Midway series is associated with shallow clay and silt ecological sites on ridges and knolls. The bare Midway outcrops and gully erosion make it appear more dissected from the air (Figure 4 ) than it does from the ground. Figure 5 . Ringling-Cabba-Midway association setting Irregularly sloping and hilly terrain at higher elevations in the county are made up of silty loams to clay loams ( Figure 5 ). Ringling soils prevail and cap the uplands with erosionresistant baked porcellanite shale, representing a shallow ecological site. Cabba soils are medium-textured shallow soils. This association covers about 45% of the county according to Parker et al. ( 1971) and is distributed over much of the western half. Figure 6 . Elso-Remmit-Ocean Lake association setting Elso-Remmit-Ocean Lake association Smooth, rounded hi.lls and sparingly dissected plains are made up of sandy loams and shallow si.lt loams at the far eastern end of the county ( Figure 6 ). Silty ecological sites of the Elso association prevail in parts of the gentle uplands, while sandy ecological sites of the Remmit and Ocean Lake series are also throughout the uplands.
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Elso-Midway-Thurlow association
Ringling-Cabba-Midway association
Kyle-Midway-Cabba association Figure 7 . Kyle-Midway-Cabba association setting Hilly, rounded relief in the far southwestern corner of the county bas deep soils that are clayey throughout (Figure 7 ). This association resembles the Ringling-Cabba-Midway association (preceding) except for the prevalence of the Kyle series, resulting in more rolling than dissected terrain. These low-lying areas and their gentle terrain are found along all of the rivers as well as most of the major creeks, (those labeled on the BLM 1: 100,000 map series).
METHODS
Surveys were conducted in the summers of 1999 and 2000. During the first year of fieldwork, we focused on targeted surveys for species of concern (Table 1) and priority vegetation types. During 2000, we more thoroughly documented plant associations in the largest blocks ofBLM-administered lands.
We began by compiling and reviewing existing data on species of concern and vegetation for Powder River County, as well as adjacent counties and states. This information was used to target areas of potential habitat for species of concern and to identify the range of native vegetation types documented.
Information sources for vegetation and flora included Taylor and Holst ( 1976) , Culwell ( 1979) , Husby et al. ( 1979) , Hansen and Hoffman (1988) and Vanderhorst et al. (1998) , in addition to unpublished working lists of plant associations for the region, and data assembled and rapid ecological assessments conducted for The Nature Conservancy's Northern Great Plains Steppe Ecoregion Plan (The Nature Conservancy 1999). The two studies on the Ashland District of Custer National Forest (Taylor and Holst 1976, Hansen and Hoffman 1988) were the only readily available references on the county's vegetation. In addition to these reports, we drew on vegetation information from studies in adjoining states and provinces, and from the recently compiled state and regional National Vegetation Classification System (NVCS) for Great Plains states (NatureServe 2002 , Faber-Langendoen 1999 .
Other useful information sources included the Powder River County Area soils survey (Parker et al. 1971 ), a Natural Resource Conservation Service (NRCS) field review of mapping units ( 1980) . We also consulted BLM color aerial photographs to assess characteristics of BLM tracts and to help identify areas of potential habitat for target species. Notes were transcribed onto U.S.G.S. topographic maps (7.5') for reference in the field.
From the MTNHP databases, we identified plant species of concern with documented occurrences in the county and compiled available information on their biology and habitat characteristics. Some occurrences were targeted for re-visits to fill data gaps on the extent of populations, exact locations, or habitat. We also drew on findings from previous botanical surveys in the region (Heidel and Dueholm 1995 , Heidel and Marriott 1996 , Vanderhorst et al. 1998 ) to identify species of concern that may potentially occur in Powder River County. Based on this information, we developed an expanded list of target species for our inventories (Table 1 ) .
FIELD SURVEYS
Surveys were focused on the largest blocks ofBLM-administered lands. We visited most BLM tracts of at least five contiguous sections, as well as select scattered tracts, and adjacent private lands with landowner permission. We occasionally also surveyed on nearby state lands that were part ofBLM allotments.
We documented occurrences for species of concern by collecting observational data on biology, habitat, population size and possible trends. Locations ofrare plants were mapped on 7.5' topographic quads.
Vouchers specimens were collected if population numbers were sufficiently large to avoid impact (Montana Native Plant Society 1993). We also kept a running list of the species encountered, crossreferencing this with county dot maps in two floristic references (Booth and Wright 1966, Great Plains Flora Association 1977) , and with the general distributions described in Dom's flora of Montana (1984) , and flora of Wyoming (Dorn 1992) , the distribution data in the Wyoming Rare Plant Field Guide (Fertig et al. 1994 ) and the Wyoming plant distribution atlas (http://www.esb.utexas.edu/tchumley/wyornap/ atlas.htm). Dur ing the first year of vegetation surveys, we sampled a broad range of habitat types throughout the geographic breadth ofBLM-administered lands in the county. Surveys ranged from the most rugged topography to flat lands and from the most heavily wooded to the least vegetated. Survey results were compared against documented Montana plant associations to identify uncommon or previously undocumented types.
Based on results from the first year of surveys, we designed vegetation surveys in 2000 to characterize: I . Excellent representative areas of common plant associations, 2. Plant associations of potential statewide or rangewide rarity and significance, and 3. Provisional new plant associations or those not previous ly known from southeastern Montana.
We could not sample all plant associations in each area surveyed, but rather focused on the more distinctive types and those meeting the criteria listed above. This approach made it possible to collect a broader range of information relatively quickly, while focusing more detailed data collection on the more important or distinctive vegetation features in the study area.
Plant associations were identified and documented based on species composition, structure and abiotic environmental characteristics. Vegetation data was collected within representative 1/10 acre plots (37.2 ft radius) and recorded on a standardized survey form. Vegetation plots were placed to sample homogeneous natural vegetation and uniform environmental conditions across the plot, in areas of least disturbance ( Figure 9 ). Soil texture was recorded and used to characterize the ecological site. All species present were recorded with canopy cover values.
Our surveys focused on grassland types for several reasons. Grasslands represent well over 90% of the existing natural vegetation on BLM lands, and are among the most distinguishing ecological features of the county, in a statewide context. In addition, grasslands of this area provide a missing link in piecing together vegetation classifications of adjoining areas. Our principle floristic references were the Great Plains Flora ( 1977, 1986) , Dorn ( 1984) , and Hitchcock and Cronquist (1973) . Plant nomenclature follows Kartesz (1999) , which uses newly revised names for the wheat-grass tribe (Elymus and Agropyron), replacing the more familiar scientific names that have long been in general use. Thus western wheatgrass, which is referenced as Agropyron smithii in Booth ( I 950) and Hitchcock and Cronquist ( 1973) and Elymus smith ii in Dom ( 1984) , is now treated as as Pascopyrum smithii. Table 2 provides a cross-reference for synonymy of dominant and indicator species that appear in our plant association names. We also reference each species by both scientific and common name when fust mentioned in this report. Common names are based primarily on a national list developed by the Natural Resource Conservation Service (2001). To a lesser degree, we use common names cited by Region I of the U.S. Forest Service.
D ATA MANAGEMENT
New data collected on plant species of concern and high quality vegetation communities were georeferenced, digitized and documented as element occurrence records in the data system of the Montana Natural Heritage Program. Specimens have been deposited at the University of Montana (MONTU). Plot data and summary information on noteworthy sites were also transcribed to a computerized format for permanent storage in the MTNHP databases. This data system serves as the state's clearinghouse and as a primary source of information on the status and distribution of Montana's native species and habitats.
V EGETATION .ANALYSIS
We analyzed vegetation data to identify plant associations consistent with the National Vegetation Classification System (Grossman et al. 1998 ). This classification uses recurring vegetation attributes, emphasizes natural existing conditions, and can be used to identify vegetation units based on both quantitative and, in some cases, qualitative data. The NVCS is hierarchical and combines floristics at the lowest levels (associations and alliances) and structure (physiognomy) and overarching climate conditions at the highest levels. Plant associations are defined by dominant species of the uppermost vegetation layer and any co-dominant species, diagnostic species, or the dominant species ofunderstory vegetation layers.
We developed a preliminary cross-reference (see Appendix D) between NRCS rangeland ecological sites and plant associations tracked by the Montana Natural Heritage Program. Some plant associations have wide ecological amplitude and occur across a range of ecological sites. For example, Artemisia tridentata spp. wyomingensis I Pascopyrum smithii can be found on thin silty, very shallow to clayey ecological sites, whereas Atriplex confertifolia -Artemisia tridentata is found only on the shale ecological site. 
RESULTS AND CONCLUSIONS
Among the most ecologically significant characteristics ofBLM lands in Powder River County are the extensive and largely intact range landscapes, especially those supporting a mosaic of western wheatgrass and Wyoming big sagebrush vegetation. Both grassland and sagebrush communities support diverse suites of native species, some of which have been identified as potentially declining or vulnerable either locally or regionally. Fortunately, all or nearly all of these species still thrive in the large, ecologically intact range landscapes that exist in Powder River County and elsewhere in eastern Montana. Although this survey did not focus on animal species, it did yield substantial new information on plant species of concern, the diversity of vegetation types in the county, and areas supporting particularly significant species populations and/or vegetation communities.
Other features of ecological significance in the county are the extensive sandy ecological sites, which appear as isolated but not uncommon areas of well-developed sandy habitat. These sites support many plant species of limited regional distribution or endemism that are Montana species of concern, and they also support distinctive plant communities.
P LANT SPECIES OF CONCERN
Our surveys identified 5 new species of concern in the county, bringing the total documented to I 0 (listed in Table 3 ). All but one are designated as BLM "Watch" species. Our surveys also generated new locations for species of concern that were previously documented in the county. Perhaps the most important findings were new locations for Astragalus barrii (Barr' s milkvetch), expanding the total known in the county to 23, including the largest population documented to date in Montana (see below). Figure IO shows a ll known locations for species of concern in the county. Table 3 . Plant species of concern in Powder River County. Information gathered during survey work has also provided new insights into the habitats characteristics and ecology of these species. Below, we have summarized current information for each species on their distribution in the county and potential management considerations. Appendix C provides full species descriptions with additional information, including detailed identification and habitat data, range-wide distribution, an explanation of status, and illustrations and photos of each species.
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Astragalus barrii, Barr's milkvetcb (G3, S3, BLM Watch status)
County Distribution: The two largest areas of concentration for this species in Montana lie in Powder River County, where it has been documented from a total of23 locations. Of those, 18 are clustered into two large population complexes, one along part of Otter Creek and the other in the Little Powder Riverdrainage. In visits to the latter, we found that it occurs repeatedly across the landscape where suitablehabitat is extensive, such that some of the populations are quite large.
Ecology and management considerations:
This species almost always occurs on secondary range and is not grazed due to its low growth form. It is little-affected by allotment management practices and developments unless concentrated L ivestock trampling occurs in its habitat. It may be vulnerable to exotic species encroachment, however there is little threat from weedy annuals at present, and the fine texture and instability of soils limit invasion by annual bromes. A non-native mustard, Malcolmia (Malcolmia africana), is beginning to invade fine-textured slopes of Powder River County; it has become abundant in similar habitats elsewhere, and appears to be spreading along backroads. Seeding of sweetclover (Melilotus spp.) should be avoided in revegetation efforts or road plantings near this species' habitat.
Status Note: Barr's milkvetch is a regional endemic species of limited distribution in the northern Great Plains, where it is restricted to portions of three states. Its total range comprises an area less than half the size of Montana. Given the extensive distribution of Barr's milkvetcb in Powder River County, the status of this species will be reviewed and may be downgraded statewide from "species of concern" to "species of potential concern." This evaluation will need to consider any current threats to the species and the security of existing populations and habitats with respect to land management, especially for those on public lands.
Carex g ravida, Pregnant Sedge (G5, S 1)
County Distribution: It has only been found in two places on the Ashland District of the Custer National Forest (Heidel and Marriott 1996) , and these represent the known Powder River and Rosebud records. In the course of this survey there was very little suitable habitat in the areas that were visited, so it was not found and no additional data was collected on this species and its distribution.
Ecology and management considerations:
This plant seems restricted to mesic microhabitats within pine woodlands, which could make it vulnerable to changes in woodland structure and composition by grazing and logging. These settings are also vulnerable to invasion of exotic species like Kentucky bluegrass (Poa pratensis). There were fire scars among the Ponderosa pine at one of the Ashland District sites where it occurred, indicating that the species survives ground fues.
Status note:
Since this species is restricted to woodlands and bas not been found on BLM lands in Montana, it could be dropped from BLM "Watch" status.
Ceanothus herbaceous, New Jersey tea (G5, SH)
County Distribution: The single collection of this species in Montana was from a "grassy, pine-covered hill" in Powder River County. There are few pine stands on BLM lands in the county, and of the few that were surveyed, none appeared to have suitable microbabitat. It is not known whether this species is restricted to pineland habitat in Montana, and we also looked for it nearby grassland habitat on BLM lands. We did not locate it, and were unable to collect any additional data on this species in the county.
Ecology and management considerations:
We have no information on the ecology of this plant. It bas reportedly diminished elsewhere on the Great Plains (Ode, pers. comm.) Some species of Ceanothus are highly palatable to wildlife and Livestock.
Status note: Since this species is restricted to woodlands and bas not been found on BLM lands in Montana, it could be dropped from BLM "Watch" status.
Chenop odium subglabrum, Smooth Goosefoot (G3G4, S I)
County Distribution: This plant was documented for the first time in Powder River County and on ELM-administered lands during this study. We found it in the northeastern comer of the County on an isolated ridgetop.
Ecology and management considerations:
The Powder River County population occurs in secondary range, where livestock use is light and water sources are remote. This species is a poor competitor and is associated with other annuals and early-succession species. Maintenance of early successional habitat in upland settings requires a balance of fire and/or grazing. Leafy spurge is in early stages of invading some of the most extensive areas of this habitat type in the state.
Cyperus schweinitzii, Schweinitz' Flatsedge (GS, S2)
County Distribution: We documented this plant for the first time in Powder River County, at two sites in the northeastern corner in small blowouts at toeslope positions on loose sand eroded from sandstone outcrops above.
Ecology and management considerations:
The Powder River populations occur in primary range that is in good to excellent condition. Maintaining the species' early-succession habitat requires grazing and/or fire, and it may decline in the absence (or excess) of these. Leafy spurge is in early stages of invading some of the most extensive areas of this habitat type in the state. Status note: Since this species is restricted to woodlands and has not been found on BLM lands in Montana, it could be dropped fro m BLM "Watch" status.
Dichanthelium oligosanthes var. scribnerianum, Scribner's Panic Grass (G5T5, S I)
Mentze/ia nuda, Bractless Mentzelia (GS, S I)
County Distribution: We documented this species from three locations in the northeastern corner of Powder River County; these were the first county records for it. Prior to this, it had not been reported anywhere in Montana since 1957.
Ecology and management considerations:
In Powder River County, it was found in blowouts associated with outcrops, and on the sandstone outcrops themselves. It could be vulnerable to road construction, subdivision, and exotic species invasion, however we identified no immediate management concerns.
Phlox andicola, Plains Phlox (G4, S2)
County Distribution: We discovered this species at one location in the southeastern comer of Powder River County; this was the first record of it for the county.
Ecology and management considerations:
The single Powder River County population was found in a partially-revegetated blowout with prairie sandreed (Calamovilfa longifolia), sandhills bluestem (Andropogon hallii), lemon scurfpea (Psoralea lanceolata) and yucca (Yucca glauca). It is an early-to mid-succession species of plains and woodlands, and is subject to encroachment by better-competing species in more productive settings. Moderate levels of grazing and disturbances that reduce competition may benefit the species. Anecdotal observations indicate it is favored by fall fire and winter grazing. 
Physaria brassicoides, Double Bladderpod (GS, S2)
Psoralea hypogaea, Little Indian Breadroot (G5T4, S2S3)
County Distribution: We found this plant on sandstone outcrops in three of the four corners of Powder River County, and there are more records of it here than in any other Montana county. It was previously reported from single isolated populations in smaller-scale studies (Heidel 1994 , Heidel 1997 , Vanderhorst et al. 1998 . The sandstone outcrops of Powder River County are widespread but mostly small and isolated, so these new location records suggest that the species is likely more widespread than previously known.
Ecology and management considerations:
This plant occupies ridgetop blowouts, and loose sand slopes around isolated sandstone outcrops and those along the Powder River valley. Initial observations indicate that it is not sensitive to grazing. The size of populations appears to be directly related to the extent of available habitat, and it appears able to pers ist in low, isolated pockets.
Status note: As a result of this inventory work, Little Indian Breadroot bas been dropped as a state species of concern, and we recommend that BLM drop it from "Watch" designation.
VEGETATION COMMUNITIES
Based on our field surveys and previous studies, we have now documented a total of 46 native vegetation communities in Powder River County. These are listed in Table 4 . Appendix E provides detailed descriptions for 32 of these vegetation types. Where information is available, these include composition and distinguishing attributes, environmental setting, state and county distributions, global and state status, and ecological or management considerations (NatureServe 2002). State status ranks for communities should be considered preliminary and will continue to be reviewed and revised as we acquire new information.
Several vegetation types were particularly noteworthy on BLM lands in the county, either by their extent and good condition and/or as distinctive types that are uncommon or range-limited. ln addition to collecting data from vegetation plots to better document and understand these communities, we have also identified areas w here they are particularly well-represented in high quality condition, within ecologically intact landscapes.
The discussion below highlights a few of the significant communities and representative areas that we documented during our surveys. Each area mentioned by name is summarized with a site profile in Appendix B, which includes photographs and a map showing its generalized location and extent. G3?  S2S3  G3G4  S3  G4  S4  G3G4  S3S4  G4  S4  G3?  S3  G4  S4  G3  S4  G2G3  S2S3   G4  S?  GS?  SS?  G3GS  S3  G4  S4  G4  S?  G3  S3  G3  S3  G4  S4  GS  SS  G4  S4  G3  S3  G4  S4  G4GS  S4SS   G4GS  S?  G3  S3  G3  S3?  G3  S3  G4  S4  G3GS  S3?  GS  SS  G3  S3  G4  S4  G4  S4  GS  S?  GS  SS  G3GSQ S4  G4 S4 
SPARSE VEGETATIO '
Erio onum auci orum -Gutie"ezia sarothrae Badlands S arse Ve elation G4GS S?
Grasslands
Pascopy rum smithii -Hesperostipa comata (western wheatgrass -needle-and-thread) and Pascopy rum smith ii -Buchloe dactyloides (western wheatgrass -buffalo grass)
(See full description of Western wheatgrass Alliance communities in Appendix E, page 30)
Distribution: In Powder River County, western wheatgrass-dominated communities occur on gentle to moderate slopes ranging from 0-35 % and it is characteristic of the widespread Silty Ecological Site of the l 0-14 inch precipitation zone. This type is prevalent on gentler slopes within the Elso-MidwayThurlow and the Elso-Remmit-Ocean Lake soil associations derived from calcareous shales. It also occurs on Silty Ecological Sites on well-drained deep-loam soils of the Elso -Ocean Lake association to the north. It is occasional on upland and bench positions with suitable substrate in the Ringling-CabbaMidway association to the west, a Clayey Ecological Site of the 15-19 inch precipitation zone. In Powder River County, we documented this community with several different co-dominants including Hesp erostipa comata and Buchloe dactyloides, the latter having not been previously documented and apparently distinctive to this region. We recorded data from ten plots in this vegetation type and made extensive field notes, with particular emphasis on documenting the communities co-dominated by western wheatgrass and buffalo grass, which were extensive on BLM lands.
Representative sites: One area that is dominated by western wheatgrass -needle-and-thread community in particularly good condition was Five Mile Hill. We documented particularly good representation of the distinctive western wheatgrass -buffalo grass community in two areas: Little Powder Hills and Biddle Hills.
Ecology and management considerations:
Although western wheatgrass communities are common throughout a broad geographic range, heavy grazing and lack of fire may cause many stands to have a high proportion of exotics. In the past, fire likely occurred commonly in this type. Fire, both aboriginaland lightening-caused, was a regular part of this landscape. Fire-return intervals have been considerably lengthened since settlement by European-Americans. Vast (singly and in the aggregate) black-tailed prairie dog (Cynomys /udovicianus) "towns" once developed on the favorable substrates in this community and exploited its vegetation. Prairie dog populations have undergone significant decline since settlement, so much of this type could be in various states of secondary succession, returning from a somewhat denuded state and altered composition created by the prairie dogs as well as bison (Bos bison) that found nutritious forage here.
Andropogon hallii -Ca/amovilfa longifolia (sand bluestem -prairie sandreed) (See full description of this community in Appendix E, page 22)
Distribution: This community types is characteristic of sandy deposits, usually on gentle to moderate slopes, ranging from stabilized rolling to choppy sand dunes. In Montana, where we do not have extensive choppy dune systems, it is uncommon and widely-scattered, associated with active wind erosion. This association occurs at the "rim" of blowouts at Medicine Lakes, but is so small and narrow a vegetation band that it was not included in our description of plant associations in Sheridan County. The unglaciated sedimentary plains of the Fort Union Formation in southeastern Montana provides more habitat for it on active wind erosion features associated with sandstone outcrops, which are widelyscattered in small pockets. In Powder River County, this community is uncommon in areas with sandstone outcrops in at least the eastern end of the county. It occurs within the 10-14 in precipitation zone, and at higher precipitation levels elsewhere. This plant association or closely related ones provides habitat for a number of Montana species of concern, including Chenopodium subglabrum, Cryptanthafendleri, Cyperus schweinitzii, Mentzelia nuda, and possibly others.
Ecology and Management Considerations:
Blowouts may occur in this community type, leading to bare soils or subsoils. Blowouts may be related to severe droughts and windstorms, and may occur in conjunction with grazing pressures or fires that reduce the ability of the vegetation cover to stabilize the sand.
Andropogon hallii -Carex inops ssp. heliophila (sand bluestem -sun sedge) (See full description of this community in Appendix E, page 24)
Distribution: This sand bluestem prairie community type is found in restricted areas of the northern Great Plains of the United States, including southeastern Montana and southeastern North Dakota., where stands are typically less than a hectare in size. It occurs on gentle to steep sloping terrain with sand or sandy loam soil, and in Montana, can occur on slopes of any aspect, with north the least frequent.
Blowouts may occur in this community type, leading to bare soils or subsoils. Blowouts may be caused by severe droughts and windstorms, and may occur in conjunction with grazing pressures that reduce the ability of the vegetation cover to stabilize the sand. This community may be an early successional stage on these blowouts, where vegetation cover and diversity are low.
Pseudoroegneria spicata -Bouteloua curtipendula (bluebunch wheatgrass -sideoats grama) (See full description of this community in Appendix E, page 36)
Distribution: This mixedgrass association occurs as small to large patches on foothills and sideslopes along major drainages between the Tongue and Powder rivers of southeastern Montana. To date, it has been documented only in southeastern Montana, although potential habitat exists in northeast Wyoming and westernmost North Dakota. It is considered a topo-edaphic climax by Hansen and Hoffman (1988) because it occurs on moderate to steep slopes (>45%) with large amounts of irregularly shaped, iron oxide porcelainite shale (scoria), produced by fires in contiguous coal beds (however the soils are conventional loams). These harsh sites produce a unique depauperate community with one of the lowest total and grarninoid covers of any southeastern Montana community.
Ecology and Management considerations:
Given the low cover and patchiness of this type, fires probably burned in a mosaic fashion with reduced intensity. It could be vulnerable to grazing, but stands are generally somewhat removed from water. These areas are generally not conducive to alien bromegrasses, but their susceptibility to invasion by other weeds is unknown. Pronghorn antelope (Antilocapra americana) use areas sites for grazing and predator detection.
Shrublands and Shrubland-Grasslands:
Artemisia tridentata ssp. Ecology and management considerations: Taylor and Holst (1976) refer to an "upland praririe sagebrush ecosystem" of the Ashland District and note that this sagebrush ecosystem overlaps strongly with upland grassland, appearing as an edaphic difference in places, and as a grazing disclimax in others. In Powder River County, we found many areas of this community in good condition, indicating its edaphic origin. Wyoming bigsage is killed within prairie dog towns. In Powder River County, vegetation sampling was conducted on a bench along Buffalo Creek in what appeared to be a long-abandoned prairie dog town, even though there were no signs of burrow mounds remaining. Elsewhere on the bench, Wyoming bigsage dominated in identical settings. In the abandoned prairie dog town, there was 50% cover of Wyoming bigsage and 10% cover of both Poa secunda (Sandberg bluegrass) and Bromusjaponicus (Japanese brome), with high litter accumulation (greater than 60%). Perhaps the fertilizing and churning influence of the prairie dogs heightened productivity and impeded re-establishment of Wyoming bigsage in the high vegetation and/or high litter cover. Under heavy grazing pressure, the cover of exotic and increaser species like Japanese brome, Hedeoma hispida (rough pennyroyal), Plan/ago patagonica (woolly plantain), and Vulpia octojlora (slender 8-flowered fescue) increases greatly.
Artemisia tridentata ssp. wyomingensis -Buchloe dactyloides (Wyoming bigsage -buffalo grass) (This is referenced in Appendix E, page 15 under Wyoming bigsage-western wheatgrass shrubland)
Distribution: We documented this vegetation type for the first time in Powder River County during these surveys, where it occurred on BLM lands in much of the county. This community type has not been well-documented elsewhere in the northern Great Plains.
Representative sites: We identified two particularly high quality landscapes with good stands of this community type. In the Biddle Hills, Wyoming bigsage -buffalo grass occurred over about half a township in essentially undisturbed natural condition, within a functionally intact landscape. Buffalo grass is also co-dominant (with western wbeatgrass) in the grasslands of the Biddle Hills. One of the few areas in the county where we found the Wyoming bigsage -buffalo grass community on clay substrate (Arvada-Bone complex, rather than the typical silt substrate) was at the Cabin Creek site. It occurs there in good condition within an ecologically intact landscape.
Ecology and management considerations:
We have no information that is specific to this type.
Woodlands:
Pinus ponderosa -Pseudoregneria spicata (ponderosa pine -bluebuncb wheatgrass) (See full description of this community in Appendix E, page 10)
Distribution: In Powder River County, this association is found on Shallow to Sandy and Silty Ecological Sites in both I 0-14 and 15-19 inch precipitation zones. It occurs on slopes with coarse soils, often with a high gravel or rock content, and occurs mostly on steep southerly aspects.
Representative sites: We identified ponderosa pine -bluebuncb wbeatgrass stands at Five Mile Hill that are good condition second growth. This site is one of several areas near Broadus that best represent the "park-like" nature of the ponderosa pine community type. The Buffalo Breaks along the southwestern edge of the county, east of the Powder River, bas a complex system of steep ridge slopes covered by a ponderosa pine woodland with some Juniperus scopulorum (Rocky Mountain juniper ) in the understory. The area is impressive in its extent and complexity, and supports a diverse complex of woodland, steppe and grasslands similar to nearby National Forest lands.
Ecology and management considerations: F ire likely occurred at regular intervals in this type; documentation on fire frequency is not available. The lack of Rocky Mountain juniper in many stands may be attributable to past fires killing this species and leaving the ponderosa pine overstory intact; this scenario bas been documented by Culwell et al. ( 1991) in the Bull Mountains of central Montana.
Juniperus scopu/orum -Piptatherum micranthum Woodland (Rocky Mountain juniper -little-seed mountain ricegrass) (See full description of this community in Appendix E, page 6) Distribution: In Montana, this association is best-developed on sheltered aspects in dissected sedimentary plains. Within Powder River County, it is widely-scattered on thin silty ecological conditions, along northeastern escarpments and dissected terrain along the south end of the Powder River in the southwestern comer oftbe County. This type closely intergrades with Juniperus scopulorum I Pseudoroegneria spicata and both may be represented on the same slope or on opposite aspects oftbe same landform, as we found them in the dissected terrain along the Powder River.
Ecology and Management Considerations:
This plant association is in relatively moist habitat that is not as prone to burning as surrounding vegetation types, but is highly flammable when dry. Rocky Mountain juniper is readily killed by fire; once ignited the crowns are almost always completely incinerated.
It often bas grassland or steppe openings that influence the levels of overall livestock use. Signs of fencepost cuttings are ubiquitous in the stands and the changes brought on by this history need to be further addressed in characterizing stand structure.
RECOMMENDATIONS FOR FUTURE WORK
While this study added a great deal to knowledge of the vegetation and ecology of Powder River County, it is far from comprehensive. One limitation was our focus on BLM lands -and principally large blocks within those lands. While these lands support a diversity of community types, many in good to excellent condition, they also tend to concentrate in certain types of landscapes, resulting in oversampling of some features and undersampling of others.
For example, the more mesic river valleys and major draws stand out as one of the least-documented vegetation complexes in the county, and one that we did not address, since they occur almost entirely on private lands. Riparian communities have undergone major changes, including conversion to pasture grasses and widespread loss of cottonwood regeneration. However, they continue to be extremely important to a diversity of wildlife species. An understanding of biological resources in drainages and associated lowlands will be particularly important due to their favorability as locations for coalbed methane wells and associated facilities. These areas are also of tremendous importance for a diversity of wildlife species. This study did not address fauna at all, and future efforts should include wildlife, emphasizing species of concern and lesser-known groups such as small mammals, reptiles and amphibians, and songbirds. It may also be valuable to better understand the effects of existing riparian modifications on wildlife species populations and diversity, to help in evaluating the impacts of potential future modifications and identify management options.
Forb diversity was relatively low in many of the communities that we documented. This would be worthy of further documentation to determine its extent and to identify patterns related to geology, geography and/or land use history (e.g., sheep grazing).
Much of Powder River County has not yet been extensively invaded by many invasive exotic weeds that pose serious threats elsewhere in the state. Continued documentation of those weeds that are present and/or invading will be important to safeguarding the rangeland values provided by native vegetation communities. We did note a significant presence of Japanese and smooth brome. The ecological impact of these species on the native communities and species has not been evaluated, to our knowledge, and may be worthy of further attention.
Our survey efforts were also limited by time and the scale of the project, which was relatively modest. We designed our approach to provide a representative overview of vegetation types on BLM lands, however many tracts were not visited, and among those that we did survey, none were systematically inventoried and many were far too large to be more than sampled. In addition, portions of the county are quite remote with limited access, which imposed restrictions on the reach of our ground surveys.
It would also be worthwhile to extend survey work to significant state land holdings in the southeastern part of the county, and into Custer National Forest in the west. All of these additional efforts would contribute to developing a truly integrated portrait of the biological resources and dynamics in this large, diverse and relatively intact landscape. 
